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RELATED APPLICATION 

[0001] The present application claims priority to provisional application 
Serial Number 60/266,813 filed on February 5, 2001, the entire contents of which 
are incorporated herein by this reference. 

TECHNICAL FIELD 

[0002] The present invention relates generally to multiple beam 
communication systems and more particularly, to a method and apparatus for 
sampling a received signal that is manipulated by a digital beam former. 

BACKGROUND OF THE INVENTION 

[0003] Current commercial mobile satellite communication systems having 
conventional multiple beam architectures, which use multi-beam phased array 
antennas, incorporate digital beam forming (DBF) techniques. DBF phased array 
antennas are very useful in forming multiple simultaneous beams covering a large 
field ofview(FOV). 

[0004] Typical mobile satellite payloads have a DBF phase array antenna. 
The phase array antenna includes a plurality of receive array elements for receiving 
communication signals. Each receive array element is connected to several 
components for signal-conditioning the communication signals prior to connecting 
to a digital beam forming network. The receive array elements are connected to a 
plurality of low noise amplifiers (LNAs), by which the received signal is amplified. 
The LNAs are connected to a plurality of downconverters. The downconverters 
convert a high frequency received signal to an analog baseband or intermediate 



1 



PD-89418A 

frequency (IF) signal. The analog baseband signal is then transformed into a digital 
signal by an analog-to-digital (A/D) converter. 

[0005] Additionally to properly select a sideband in frequency 
downconversion, satellite payloads usually include a plurality of filters, between 
the plurality of downconverters and the plurality of A/D converters. The filter 
helps to eliminate undesired signals and noise in frequency ranges outside of a 
desired frequency band. The undesired signals may cause aliasing, which can 
cause interference with the desired signal. 

[0006] Currently the downconverters are used to convert mobile signals at 
frequency bands below C-band, down to baseband. In the future, as technology 
progresses, different downconverters and possibly corresponding filters will be 
needed to convert signals for other applications in higher frequency bands such as 
SHF, KU, and EHF. Unfortunately, increasing satellite communication system 
versatility, ability to downconvert, and filter higher frequency bands with larger 
bandwidths increases electronic component count, and system complexity, 
therefore, increasing cost. 

[0007] In satellite communication systems there is a continuing effort to 
decrease the amount of components in the system thereby decreasing the size and 
weight of the system, decreasing hardware, decreasing costs, decreasing power 
consumption, and increasing efficiency. 

[0008] In space systems, where up to thousands of receiving array elements 
may be used, a reduction in satellite payload components may cause tremendous 
savings. In other terrestrial communication systems, in which many receive array 
elements are used the savings in cost, weight, and power will also be increased. 

[0009] Therefore a need exists to reduce the number of components in the 
mobile satellite payload. Also a need exists to produce a satellite payload for other 
applications that is capable of converting signals to digital format at carrier 
frequency. 
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SUMMARY OF THE INVENTION 

[0010] The forgoing and other advantages are provided by a method and 
apparatus of sampling a communication signal within a mobile satellite payload. 
The satellite payload uses a plurality of receive radiating elements within a DBF 
phase array antenna to convert the communication signals to received signals. The 
received signals are amplified, by a plurality of low noise amplifiers (LNAs), to a 
desired level for a plurality of analog-to-digital (A/D) converters. The A/D 
converters transform the received signals into digital baseband signals. 
[0011] The present invention has several advantages over existing sampling 
techniques. One advantage of the present invention is that it eliminates the use of 
separate downconverters and reduces the number of filters in satellite payloads. 
[0012] Another advantage of the present invention is that it utilizes the 
"aliasing" characteristics of the A/D converter capability to downconvert L-Band 
and S-Band frequencies to baseband. 

[0013] Therefore, a mobile satellite payload having a minimal number of 
components, which can convert analog signals in frequency bands up to C-band to 
digital signals, is possible due to the stated method advantages. The present 
invention itself, together with further objects and attendant advantages, will be best 
understood by reference to the following detailed description, taken in conjunction 
with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0014] Figure 1 is a perspective view of a mobile satellite communication 
system, utilizing a method and apparatus for sampling communication signals 
according to the present invention. 

[0015] Figure 2 is a block diagrammatic view of a mobile satellite payload 
in accordance with the present invention. 

[0016] Figure 2 A is a block diagrammatic view of a conventional DBF 
mobile satellite payload. 
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[0017] Figure 3 is a plot of a conventionally received communication 
signal, in the frequency domain. 

[0018] Figure 4 is a plot of a conventionally received downconverted 
communication signal, in the frequency domain. 

[0019] Figure 5 is a plot of an overlay of a conventional first decay function 
over an ideal spectrum signal, in the frequency domain. 

[0020] Figure 6 is a plot of a conventional resultant sampled 
communication signal, in the frequency domain. 

[0021] Figure 7 is a plot of a received communication signal, in the 
frequency domain, in accordance with the present invention. 

[0022] Figure 8 is a plot of an overlay of a second decay function over an 
ideal spectrum signal, in the frequency domain, in accordance with the present 
invention. 

[0023] Figure 9 is a flow chart illustrating a method, of sampling a 
communication signal in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0024] The present invention may be applied in various applications such as 
a fixed satellite service communication system, general packet radio service 
(GPRS), universal mobile telecommunication system (UMTS), or other terrestrial 
mobile communication applications. The present invention may also be 
incorporated into communication systems using various payload designs such as a 
low profile array, a surface mount antenna (SMA), or a digital design. 
[0025] While the present invention is described with respect to a sampling 
method for a multiple beam mobile satellite communication system, the following 
sampling method is capable of being adapted for various purposes and is not 
limited to the following applications: a ground based base-station, mobile terminal, 
or any other electronic or communication devices. 

[002 6] In the following description, all signals have a frequency domain 
and a time domain representation. The present invention may operate in various 
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frequency ranges below C-band. As technology improves the present invention 
may be applied in frequency ranges above C-band. Also in the following 
description, various operating parameters and components are described for one 
constructed embodiment. These specific parameters and components are included 
as examples and are not meant to be limiting. 

[0027] Referring now to Figure 1, a multiple beam satellite communication 
system 10 is shown including a total service geographic area 12 covered by a 
relatively large number of uplink and downlink spot beams having individual foot- 
prints 14. High gain uplink and downlink beams are preferably utilized to support 
mobile terminals 16, with high-data-rate transmission. More importantly, the 
combination of uplink and downlink beams provides for multiple reuse of the same 
limited frequency spectrum by a mobile satellite pay load 1 8, thus creating a high- 
capacity mobile satellite communication system 10 which can serve mass markets 
for numerous communication services. A network control center (NCC) 20 
provides overall transmission control and uplink/downlink frequency assignment 
for the mobile terminals 16 and the satellite payloads 18. 

[0028] Referring now to Figure 2, a mobile satellite pay load 18 utilizing 
one embodiment of the present invention. The mobile satellite payload 18 includes 
a digital beam forming (DBF) phase array antenna 22. The DBF phase array 
antenna 22 has a plurality of receive radiating elements 24 for collecting 
communication signals 26. The communication signals 26 are signal conditioned 
using a plurality of low noise amplifiers (LNAs) 28 and a plurality of analog-to- 
digital (A/D) converters 29. 

[0029] Referring now to Figure 2 A, a typical mobile satellite payload 
systems including a plurality of downconverters 30 and a plurality of filters 31 
between the LNAs 28 and typical A/D converters 32. 

[0030] The receive radiating elements 24 receive communication signals 
26, which are detected at the element level to create received signals [S(t)], from a 
user at a given direction. The received signals [S(t)] have generally equal 
amplitudes, but different phases at each receive radiating element 24. Each 
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received signal [S(t)] may be decomposed to two components the carrier signal and 
the information signal, which modulates the carrier. A typical satellite 
communication signal may have a carrier signal frequency (f c ) equal to 
approximately 2GHz. The corresponding information signal frequency may have a 
bandwidth at approximately 10-20KHz or less. 

[0031] Now referring also to Figure 3, an amplitude vs. frequency plot of a 
received signal [S(©)] is shown. S(co) is the Fourier spectrum of S(t). Each received 
signal spectrum S(co) has a positive component 36 and a negative component 38 in 
the frequency domain. The negative component 38 is identical to the positive 
component 36 in amplitude but with an opposite phase, if the signal in time domain 
is real. The plurality of receive radiating elements 24 may consist of any number 
of elements, as known in the art. Each element in the plurality of receive radiating 
elements 24 is connected to a LNA 28. The LNA 28 amplifies S(co) to a desired 
level for the A/D converter 29. The LNA 28 is conventionally connected to a 
separate downconverter 30, followed by a filter 31, prior to A/D converter 29 as 
shown in Figure 2A. Downconverter 30 is a single sideband frequency converter. 
[0032] Now referring also to Figures 4, the downconverter 30 frequency 
shifts S(co) to a baseband or lower frequency level signal [S '(to)]. S'(o) has a 
higher frequency component 40 and a lower frequency component 42. The lower 
frequency component 42 is at a baseband frequency and is the information signal 
component of S(co). Mobile satellite payloads usually use filter 31 to remove the 
higher frequency component 40. The filter 31 operates as a low pass filter. The 
combination of frequency shifting and filtering removes the entire high frequency 
component from S'(co), except a baseband information signal. The output of filter 
3 1 is then connected to an A/D converter 32. 

[0033] The A/D converter 32 performs a sampling function and an inherent 
filtering function in a respective sampler 46 and digital filter 48. The inherent 
filtering function arises from a finite aperture time that is required. Although the 
samplers and filters are shown in the following figures as separate conceptual 
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blocks within the A/D converters, the A/D converters may sample and filter 
simultaneously within the internal circuitry of the A/D converters. 
[0034] The sampler 46 transforms an analog signal, such as the received 
communication signal S'(co), into a sampled signal [S "(«)]• The replica of the low 
frequency component 42 appear at the intervals corresponding to the sampling 
frequency (f s ). In order to avoid overlapping of the replica of the low frequency 
component 42 f s should be at least twice the bandwidth of the low frequency 
component 42. Therefore, A/D converter 32 quantize and digitize S'(co) at a 
frequency equal to twice the bandwidth of the originally received communication 
signal [S(co)], in order to create a resulting signal representing all information in the 
received communication signal. The sampling rate is referred to as the Nyquist rate 
to one in the art. 

[0035] As a part of the sampling function, the downconverted. received 
signal S'(t), in the time domain, is multiplied by an infinite pulse train X(t) to form 
the sampled signal S'(t). X(t), an infinite pulse train, is equal to the convolution 
(*) of an impulse train and a square pulse as follows: 

X(t) = {III(f s t) * n(t/a)} 
where III(f s t) is an infinite impulse train with repetition every l/f s seconds. n(t/a) is 
a square pulse with pulse width equal to a seconds. The value of a is equal to the 
aperture time of the A/D converter 29. Mathematically, the time domain 
representation of the sampled signal S'(t) is as follows: 

S'(t)= S'(t) * {IH(fst) ★ n(t/ct)} 
The frequency domain representation of S'(t), the spectrum signal S'(o), is as 
follows: 

S'(co) = Si'(co) * { ffl(co/cos) * sin(a*a>)/ a*co} 
where ra = 2*7r*f and co s = 2*7t*f s . 

[0036] Si'(eo) is the low-passed spectrum of S'(co) and is represented by 
low frequency component 42. The first two terms, Si'(co) * III(oo/cos), represent 
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the replica of S'(©) spaced apart by f s . The third term, sin(a*co)/ a*co, is a decay 
function 50 caused by the finite time associated with the aperture time (a). 
[0037] Now referring to Figure 5, an overlay of a first decay function 50 on 
the ideal spectrum signal S'(oo) is shown. Due to aperture time of a typical A/D 
converter 32, a weighted amplitude version of S'(co) is created. After A/D 
conversion S'(a>) becomes a resultant signal [S "(<»)] via the internal filtering 48 of 
the A/D converter 32. 

[0038] Now referring to Figure 6, S'(co) after A/D conversion and filtering 
[S"(co)] is shown. The digital filter 48 removes undesired frequency components. 
[0039] Now referring again to Figure 2, the plurality of A/D converters 29, 
of the mobile satellite payload 18, are connected to a digital beam former 52. The 
plurality of A/D converters 29 form beams toward the specified user's directions by 
coherently adding all digital signals [S"(co)] received from various A/D converters 
29 weighted by directional vectors. The DBF 52 forms separate beams with 
different directional vectors to accommodate various signals arriving from different 
directions. 

[0040] Beam channelizers 54 transform the digital signals including 
amplitude and phase information into digital data streams. The beam channelizers 
54 provide the digital stream over to data packet switch elements 56. The data 
packet switch elements 56 packetize the data streams and the packets are 
transmitted accordingly over crosslink antennas 58. The crosslink antennas 58 
transmit signals to and receive signals from other mobile satellite pay loads. The 
data packet switch elements 56 also provide a data stream representing one 
individual antenna beam to each beam synthesizer module 60. Beam synthesizer 
modules 60 convert the data streams to digital output signals that represent the 
analog waveforms that are transmitted. The beam synthesizer 60 couples the 
digital output signals to the DBF 52. The DBF 52 determines proper signal weights 
for each receive radiating element 24 and transmit radiating element 62. The DBF 
52 analyzes incoming signals using a suitable algorithm and determines proper 
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signal weights. The weighted analog transmitting signals are converted to a digital 
signal by a digital-to-analog (D/A) converter 64. The D/A converter 64 transforms 
the digital output signals for each receive radiating element 24 into corresponding 
analog signals for each transmit radiating element 62. The D/A converter 64 
transfers the analog signals to a plurality of transmitter modules 66. The 
transmitter modules 66 have two components, an upconverter 68, and an amplifier 
70. The analog signals are converted, via the upconverter 68 and the amplifier 70, 
into suitable signals for transmission to the earth station terminals 16. 
[0041] The present invention eliminates the use of the separate 
downconverter 30 and filter 31 for the mobile satellite payload 18. The traditional 
A/D converter 32 is replaced with an A/D converter of the present invention 29. 
The A/D converter 29, by maintaining its aperture time accuracy and properly 
predetermining its sampling rate is capable of directly converting analog signals at 
carrier frequency to digital baseband level signals. 

[0042] The faster the A/D converter 29 the shorter the aperture time (a). 
However the reverse shall not be true. Although a is shortened to allow energy to 
be charged during a small fraction of the carrier frequency cycle, the sampling rate 
is still determined by the Ny quest rate to avoid spectrum overlapping. The 
relationship between a and f s is: 
1/(A* f s ) 

where A is a constant and depends on the particular A/D converter. 
[0043] Now referring to Figure 7, a received signal [S"(g>)], in the 
frequency domain is shown. S"(a>) in Figure 7 is the same as S(ro) in Figure 3. 
The received signal [S"(co)] is then directly sampled by sampler 71 to form a 
spectrum signal S"'(o). However, the aperture time is so small that the decay 
function 72, related to a, is small at baseband. The sampling frequency is chosen 
so that the replica of the positive and negative frequency components coincide 
precisely. As a result of this careful selection, the sample spectrum will have a 
baseband spectrum component, separable via digital filtering. 
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[0044] Now referring to Figure 8, an overlay of a second decay function 72 
on the ideal spectrum signal S"'(<o) is shown. The increased sharpness of the AID 
converter 29 is characterized by the value a. The first decay function 50 is 
characterized by a long a while the second decay function 72 is by a short one. 
The value of a for L-band and S-band signals is as short as 10 pico seconds. 
S"'((o) is also filtered within the AID converter 29 by filter 73 to form S"(co). 
[0045] Now referring to Figure 9, a logic flow diagram illustrating one 
example of a method for sampling a communication signal is shown. 
[0046] In step 100, as described above, the received communication signals 
26 are received by the plurality of receive radiating elements 24 and converted to 
received signals [S"(a>)]- 

[0047] In step 102, the received signals [S"(co)] are amplified by the LNAs 
28. 

[0048] In step 104, the received signals [S"(co)] are digitized through the 
AID converters 29. The AID converters 29 directly sample the received signals 
[S"(g))] and then quantize and convert the sampled signals S"'(») into digital 
formats. 

[0049] The aperture time of the present invention is a fraction of the period 
of f c and f s is at least twice the signal bandwidth of S'"(a>), where f c is the carrier 
frequency and f s is the sampling frequency. Therefore, from the above mentioned, 
direct sampling of communication signals having a f c up to 5GHz, without a 
separate downconverter, while maintaining sampling rates at approximately 100M 
samples per sec is possible. 

[0050] The above-described invention, by eliminating the downconverter 
reduces the number of mobile satellite payload components. The reduction of the 
number of mobile satellite payload components may reduce weight, costs, and 
hardware of the mobile satellite payload. The present invention also provides a 
method for digitizing signals at frequency bands up to C-band with out using a 
separate downconverter. 
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[0051] The above-described sampling method, to one skilled in the art, is 
capable of being adapted for various purposes and is not limited to the following 
applications: a ground based mobile terminal, base stations, or any other terrestrial 
electronic or communication devices that receive or transmit signals. The above- 
described invention may also be varied without deviating from the true scope of the 
invention. 
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